Introduction {#section1-1559325819885782}
============

Lead (Pb) is a heavy metal that has multiple applications including: paints, ceramics, some children's toys, cosmetics, and health remedies.^[@bibr1-1559325819885782]^ It is one of the foremost ecological contaminants that affecting all creatures.^[@bibr2-1559325819885782]^ It may cause hematological, gastrointestinal, and neurological disorders. Continual contact to lead may cause brain and nerve damage, memory loss, kidney damage, and male infertility.^[@bibr1-1559325819885782],[@bibr3-1559325819885782]^

Generally, the pathogenesis of Pb is due to its capability to tempt oxidative stress. Lead can generate reactive oxygen species (ROS) and inhibits superoxide dismutase (SOD) and catalase. In addition, it interferes with nitric oxide (NO) synthase.^[@bibr4-1559325819885782]^ At the present time, scientists are directing toward using natural antioxidants as probable remedy for metal toxicity.

Turmeric (TUR) and Vit-C are natural compounds which have efficiency and safe profile. Vitamin C can modulate the destructive action of ROS, on neuronal cells.^[@bibr5-1559325819885782]^ In addition, Vit-C may lessen the reaction between Pb and principal biomolecules, alter the genomic defense via decreasing ROS inside the cells, and delay apoptosis.^[@bibr6-1559325819885782]^ Similarly, TUR has anti-inflammatory, anticoagulant, antiapoptotic, and antiproliferative activities. This work was aimed to examine the hepatoprotective effects of TUR and Vit-C in lead acetate-induced hepatotoxicity, and to elucidate the specific molecular pathways involved in its toxicity and treatment.

Materials and Methods {#section2-1559325819885782}
=====================

Chemicals {#section3-1559325819885782}
---------

Lead acetate, TUR, and Vit-C were purchased from Sigma Chemical Co. (Sigma, St. Louis, Missouri, USA). Commercial kits for the assay of alanine transaminase (ALT), aspartate transaminase (AST), lactate dehydrogenase (LDH) were purchased from (Randox Laboratories Ltd, Crumlin, United Kingdom). Primary antibodies for BCL-2-associated X (Bax) and B-cell CLL/lymphoma 2 (Bcl-2) were purchased from (Santa Cruz Biotechnology, Santa Cruz, California). Secondary antibodies were purchased from Sigma-Aldrich.

Experimental Animals {#section4-1559325819885782}
--------------------

Thirty male albino rats (100-150 g) were obtained from Experimental Animal Center, College of Pharmacy, King Saud University. Animals were kept under standard temperature and humidity and fed a standard rat pellet chow with free access to tap water ad libitum for 1 week before starting the experiment for environmental adaptation. Animal protocol was approved by the Scientific Research Ethics Committee, King Saud University (KSU-SE-19-33).

Animals were randomly divided into 5 groups of 6 rats each: group I (control group) rats received normal saline (intraperitoneally \[i.p.\]); group II (lead acetate group) rats were treated daily with lead acetate (100 mg/kg i.p.)^[@bibr7-1559325819885782]^ dissolved in saline; group III (Vit-C group) rats received Vit-C (250 mg/kg, orally);^[@bibr8-1559325819885782]^ group IV (TUR group) rats received TUR (200 mg/kg, orally)^[@bibr9-1559325819885782]^; group V (Vit-C & TUR group) rats were treated with Vit-C (250 mg/kg, orally) and TUR (200 mg/kg, orally). All treatments in groups III, IV, and V were taken along with lead acetate for 7 days.

On day 8, rats were weighed then anesthetized with carbon dioxide (CO~2~) in gradually increasing concentration and sacrificed by decapitation. Blood was collected and serum were separated for biochemical analysis. Livers were excised, washed, and weighed. Liver samples were homogenized in cold phosphate-buffered saline (10% w/v), and the clear homogenates were collected to analyze hepatic oxidative stress. Tissues were dissected and immersed on neutral buffered formalin (10%) for histological while 3 samples of liver from each group were imbedded in liquid nitrogen and kept at −80°C for the examination of proteins expressions by Western blot technique.

Biochemical Investigations {#section5-1559325819885782}
--------------------------

Serum ALT, AST, and LDH activities, and total protein level were assessed using commercially kit (Randox Laboratories Ltd.). Lipid peroxidation (LPO) level in hepatic tissues was determined using the method of Uchiyama and Mihara method.^[@bibr10-1559325819885782]^ Hepatic SOD was measured using EDTA and Pyrogallol according to McCord (1994).^[@bibr11-1559325819885782]^ Reduced glutathione (GSH) was determined using the method of Ellman (1959),^[@bibr12-1559325819885782]^ while hepatic NO was assessed according to Moshage et al using Griess reagent.^[@bibr13-1559325819885782]^

Western Blot {#section6-1559325819885782}
------------

Hepatic Bax and Bcl-2 protein's expressions of control and all treated rats were determined using Western blotting according to the method of Mahmood and Yang^[@bibr14-1559325819885782]^ Briefly, the frozen tissues were homogenized in RIPA buffer supplemented with proteinase inhibitors then the concentration of proteins was estimated by Bradford reagent. Eighty milligrams of proteins were separated on gel electrophoresis and electrotransferred onto nitrocellulose membranes. The membranes were probed with anti-Bax, Bcl-2 (ab53154, ab196495 respectively), and housekeeping anti-β-actin overnight at 4°C. The membranes were incubated with the secondary antibody and developed using enhanced chemiluminescence kit. Band intensity was quantified using Image J. Ver 5.2.

Comet Assay {#section7-1559325819885782}
-----------

Tail length percentage and proportion of DNA in the tail were performed.^[@bibr15-1559325819885782]^

Histological Examination {#section8-1559325819885782}
------------------------

Liver samples were stored in 10% formalin, the sections were examined using hematoxylin and eosin (H&E) stain under light microscope.

Statistical Analysis {#section9-1559325819885782}
--------------------

Comparisons were made by one-way analysis of variance test followed by Tukey post hoc test using GraphPad Software (San Diego, California). Results were expressed as mean ± SEM (standard error of the mean) and *P* value ≤ .05 was considered significant.

Results {#section10-1559325819885782}
=======

[Figure 1](#fig1-1559325819885782){ref-type="fig"} revealed that lead acetate group exhibited a significant rise in serum ALT, AST, and LDH activities matched with the control group (*P ≤* .001). Vit-C and TUR solely or in mixture successively lessened the changes in the previous biochemical parameters. Serum total protein level was significantly downregulated in lead acetate group; while in the treated groups, the level was markedly increased ([Figure 1](#fig1-1559325819885782){ref-type="fig"}).

![Serum ALT, AST, and LDH activities and total protein levels in control and in all experimental groups. Data are mean ± SEM (n = 6). ^+++^ *P* ≤ .001 vs control; ^★★★^ *P* ≤ .001 vs lead-acetate injected group. ALT indicates alanine transaminase; AST, aspartate transaminase; LDH, Lactate dehydrogenase.](10.1177_1559325819885782-fig1){#fig1-1559325819885782}

Furthermore, the current investigations showed that lead acetate significantly upregulated hepatic MDA and NO levels, and downregulated hepatic SOD activity and GSH level compared to normal values (*P ≤* .001; [Figure 2](#fig2-1559325819885782){ref-type="fig"}). Treatment with Vit-C and/or TUR attenuated the changes in the oxidative stress and antioxidant biomarkers compared to lead acetate administrated group ([Figure 2](#fig2-1559325819885782){ref-type="fig"}).

![Glutathione, MDA, NO, and SOD in control and in all experimental groups. Data are mean ± SEM (n = 6). ^+++^ *P* ≤ .001 vs control; ^★★★^ *P* ≤ .001 vs lead acetate injected group. NO indicates nitric oxide; MDA, malondialdehyde; SOD, superoxide dismutase.](10.1177_1559325819885782-fig2){#fig2-1559325819885782}

Comet assay analysis revealed that the tails lengths and the percentage of DNA in the tail markedly amplified in lead acetate injected group compared with normal values (*P ≤* .001); whereas, Vit-C and/or TUR treatments decreased the damage in DNA compared to lead acetate treated group ([Figure 3](#fig3-1559325819885782){ref-type="fig"}).

![Comet assay for control (A) and different treated groups, lead acetate (B), Vit-C (C), TUR (D), and Vit-C+ TUR group (E). Data are mean ± SEM (N = 6). ^+++^ *P* ≤ .001 vs control and ^★★★^ *P* ≤ .001 vs lead acetate injected group. TUR indicates turmeric.](10.1177_1559325819885782-fig3){#fig3-1559325819885782}

Herein, Bax protein was significantly overexpressed due to lead acetate administration; however, Bcl-2 protein was downregulated compared to normal (*P ≤* .001). The intake of Vit-C or TUR demonstrated a marked decline in Bax\\Bcl-2 ratio matched with lead acetate intoxicated group (*P ≤* .001; [Figure 4](#fig4-1559325819885782){ref-type="fig"}). Moreover, liver/body weight ratio% was also decreased ([Table 1](#table1-1559325819885782){ref-type="table"}).

![Protein expression of Bax and Bcl2 in control and in all experimental groups. Data are mean ± SEM (N = 6). ^+++^ *P* ≤ .001 vs control and ^★★★^ *P* ≤ .001 vs lead acetate injected group. TUR indicates turmeric. Bcl-2 indicates B-cell lymphoma-2; Bax, Bcl-2-associated X.](10.1177_1559325819885782-fig4){#fig4-1559325819885782}

###### 

Body Weight, Liver Weight, Liver/Body Weight Ratio and BAX/Bcl-2 in Control and All Treated Groups.^a^

![](10.1177_1559325819885782-table1)

                               Control       Lead Acetate      Vit-C            TUR              Vit-C + TUR
  ---------------------------- ------------- ----------------- ---------------- ---------------- ----------------
  Body weight, gm              194.2 ± 6.8   175.6 ± 5.9       216.2 ± 4.6      173.4 ± 4.3      178 ± 6.7
  Liver weight, gm             10.3 ± .3     6.4 ± 0.2^b^      9.8 ± 0.11^c^    8 ± 0.34^d^      7.8 ± 0.4^d^
  Liver/body weight ratio, %   5.19 ± 0.28   3.6 ± 0.19^e^     4.56 ± 0.08^f^   4.6 ± 0.15^f^    4.4 ± 0.19
  BAX/Bcl-2 ratio, %           12.6 ± 1      436.8 ± 26.7^b^   131.9 ± 2.7^c^   128.2 ± 6.7^c^   104.9 ± 3.8^c^

Abbreviations: Bcl-2, B-cell lymphoma-2; Bax, Bcl-2-associated X; TUR, turmeric.

^a^ Data are mean ± SEM (N = 6).

^b^ *P* ≤ .001 vs control.

^c^ *P* ≤ .001 vs lead-acetate injected group.

^d^ *P* ≤ .01 vs lead-acetate injected group.

^e^ *P* ≤ 0.01 vs control.

^f^ *P* ≤ .05 vs lead-acetate injected group.

[Figure 5](#fig5-1559325819885782){ref-type="fig"} presented the effect of lead acetate and the different treatments on liver architecture using H&E stain. It showed that lead acetate induced focal areas of massive hepatic degeneration; nevertheless, the ingestion of the antioxidants in question amended all the changed limits and caused marked enhancement of the hepatic cellular degeneration.

![Photomicrographs of H&E-stained liver sections of (A) livers sections from control rats displayed regular hepatocytes (arrow) and blood sinusoids. (B) Lead acetate administrated rats showed focal areas of huge hepatic degeneration (star) and many degenerated hepatocytes (arrows). (C) Livers from rats received TUR demonstrated moderate improvement of the hepatic modifications with many degenerated cells (arrow). (D) Liver from rat took Vit-C displayed moderate improvement of hepatic cellular degeneration with many odd cells (arrow). (E) liver from rat received TUR and Vit-C showed a marked improvement of the hepatic cellular degeneration with curiously regular hepatic structure with very few degenerated hepatocytes (arrow). H&E indicates hematoxylin and eosin; TUR, turmeric.](10.1177_1559325819885782-fig5){#fig5-1559325819885782}

Discussion {#section11-1559325819885782}
==========

Lead is one of the most toxic metals that provoke multiorgans dysfunctions in all living organism.^[@bibr16-1559325819885782]^ Lead intoxication is implicated in organs impairment by the progression of ROS and subsequently leading to apoptotic cell death. Marked elevation in lipid peroxides levels and decline in the endogenous antioxidants levels in most body organs, such as liver, kidney, lung, heart and brain, was observed in lead toxicity.^[@bibr17-1559325819885782],[@bibr18-1559325819885782]^ El-Tantawy stated that Pb can interrupt liver functions and that reflected by a marked elevation of ALT and AST activities.^[@bibr19-1559325819885782]^ Similar to these studies, the current work clarified that lead acetate injection triggered liver impairment which was documented by the marked elevation of serum ALT, AST, LDH activities as well as total protein level; additionally, histopathological examination of liver sections confirmed many degenerated hepatocytes.

Lead can produce oxidative damage in the liver by augmenting LPO. It is well-known that the liberation of free radicals can be arose by either the liberation of ROS or through depletion of antioxidant supplies as GSH and SOD.^[@bibr20-1559325819885782]^ Lead can be excreted from body via its conjugation to the SH group of GSH; accordingly a reduction in GSH could lead to oxidative stress and subsequent increase in LPO and NO.^[@bibr21-1559325819885782]^ Herein, LPO and NO levels were significantly increased via the administration of Pb; conversely, the endogenous antioxidants GSH and SOD were depleted.

Several phytonutrients are involved in the antioxidants mechanisms and exhibited a defensive outcome against oxidative damage to cellular and biological macromolecules by the suppression of the free radicals.^[@bibr22-1559325819885782],[@bibr23-1559325819885782]^ Qureshi group reported that eicosanoid generation and LPO formation can be suppressed by TUR via downregulation of prostaglandin formation.^[@bibr24-1559325819885782]^ It also has protective effect against ROS and nitrogen species. Vitamin C reduced Pb-induced liver intoxication by improving the biochemical parameters of both serum and liver.^[@bibr19-1559325819885782]^

It was documented that TUR and Vit-C are effective suppressors of LPO. Concurrent administration of TUR with Pb caused significant increase in GSH level, SOD, and catalase activities.^[@bibr25-1559325819885782]^ Daniel et al, (2004) reported that TUR can interact chemically with Pb to form a complex; consequently, this can point up the protective role of TUR against oxidative damage, genotoxicity, and other damaging effects induced by heavy metals.^[@bibr26-1559325819885782]^ In the current study, treatment with TUR and Vit-C either solely or in combination mitigated ALT, AST, LD, total protein, LPO, NO, SOD, GSH, and improve liver architecture induced by lead acetate. This may be attributed to that TUR and Vit-C could be used in order to chelate toxic metals, and hence reduce their toxicities.

Although Pb toxicity has been well documented, so far its effects on the molecular pathways in the affected organs have not been entirely discussed. It was recognized that ATP depletion in the cells enhances the translocation of the apoptotic protein Bax from the cytosol to the outer mitochondrial membrane, and that causes mitochondrial dysfunction and swelling.^[@bibr27-1559325819885782],[@bibr28-1559325819885782]^ B-cell lymphoma-2 avoids cell death, whereas Bax accelerate the cell death signal.^[@bibr29-1559325819885782]^

It has been found that lead acetate can increase ROS and LPO levels in mice with severe DNA damage and ultrastructure alterations. Moreover, Poma et al documented that LPO is involved in the DNA destruction induced by lead acetate.^[@bibr30-1559325819885782]^

In the current study, lead acetate induced DNA damage as documented by a significant increase in the tail length and DNA% in the tail in the liver samples. In addition, lead acetate toxicity upregulate protein expression of Bax while the antiapoptotic Bcl-2 protein was downregulated as confirmed by Western blot analysis. Vrish and Ranjit reported that the control of free radical security pathway is implicated in the suppression of lead-induced genotoxicity by ascorbic acid.^[@bibr31-1559325819885782]^ On the other hand, Fan et al declared that TUR can increase the expression of Bcl-2 and diminish the expression of Bax, and reduce the ratio of Bax/Bcl-2 in thoracic aortic aneurysms.^[@bibr32-1559325819885782]^ In the present study, TUR and/or Vit-C treatment declined Bax/Bcl-2 ratio and suppress DNA damage. Interestingly, the combination regimen showed the most hepatoprotective effect.

Conclusion {#section12-1559325819885782}
==========

Bax/Bcl-2 ratio and DNA damage were involved in lead acetate toxicity and the concurrent treatment with TUR and Vit-C may be considered as a beneficial hepatoprotective applicant toward lead toxicity.
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